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scientific reasoning will still be
possible as they are now.
Animal rights campaigners,
however, may feel encouraged to
seek court decisions more often
than they have in the past, and
they may find ample opportunities
to throw their spanners in the
works. Throughout Europe the use
of animals in research, which
affects more than 10 million
warm-blooded vertebrates per
year, remains controversial. While
the European Union has launched
several initiatives to further the
use of alternative approaches to
replace animal experiments, real
progress in this field is still very
slow. On the other hand, a recent
controversial EU proposal to test
the toxicity of some 30,000
chemicals (which are already in
general use but under suspicion
of affecting people’s health) would
imply the sacrifice of around 50
million animals.
Typically, most of these will be
rodents or rabbits, animals which
don’t garner as much sympathy
as cats, dogs, and apes.
Chimpanzees, our closest living
relatives, have come to be
regarded as the most
controversial experimental
animals. The Dutch government
has recently yielded to the
pressure of campaigners and
decided to close down the
Biomedical Primate Research
Centre near the Hague, which was
the last facility in the EU to use
chimps. The centre is now looking
for retirement homes for around
100 surviving apes, while
campaigners are up in arms to
stop the centre’s very last
experiment which would involve
six healthy young chimps being
infected with hepatitis C later 
this year.
More and more often,
researchers find that their
argument of using these animals
‘because they are similar to
ourselves’ turns into an own-goal,
as campaigners want the apes to
be protected for exactly the same
reason. Some extreme
proponents have even called for
human rights to be extended to
chimps, on the grounds that they
have the intelligence of human
pre-school children. On this
background, animal researchers
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will be relieved to learn that the
constitutional move in Germany
keeps the animals well away from
the first part of the constitution
which is about human rights. 
They end up in the rather boring
second part which defines the
relationship between the
federation and the states (Länder).
Paragraph 20a is a patch that was
glued onto this section (hence the
numbering - the original
paragraphs don’t have a letter) in
order to pacify the 80s
environmentalists. While there is a
growing consensus that we
should learn how to do research
with less animal suffering, the
three extra words in the German
constitution will probably mark no
more than a small step in this
direction.
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Nigel Williams looks at new
dental revelations from one of the
most curious rodents.
The naked mole rat, an
extraordinary animal that has
diverged dramatically in lifestyle
and looks from other closely
related rodent species, lives a life
in east Africa almost totally
underground in a social system
more reminiscent of ants or
termites, than mammals. The
animals present a fascinating
subject for evolutionary studies
given their close links with the
laboratory rat and other species.
Two researchers were curious
to find out how much the mole
rat’s brain has evolved alongside
these morphological and
behavioral changes. Their studies
indeed show that cortical
organization has matched
morphological and behavioural
changes but they also made a
remarkable discovery: a mole rat’s
brain is very much linked to its
teeth. (Proc. Natl. Acad. Sci.
U.S.A. (2002) 99, 5692–5697).
The mole rat colony structure
comprises morphological castes,
division of labour, and a single
breeding female or ‘queen’.
Colony members are closely
related and comprise up to 80 or
more individuals. The queen
produces around four litters per
year comprising 10 or so pups.
Their distinctive anatomical traits
include reduced eyes with very
poor vision, small ears with a
hearing range restricted primarily
to low frequencies that travel
easiest through soil and unique
rows of sensory hairs covering
their otherwise hairless bodies
which help them navigate the
tunnel systems in the dark.
But the hallmark specialization
of mole rats is the enlarged
incisors that are permanently
exposed outside the mouth. These
teeth play an important role in the
daily lives of the mole-rat worker
caste and it has been reported 25
per cent of the total musculature is
devoted to the jaws. 
Kenneth Catania and Michael
Remple in the department of
biological sciences at Vanderbilt
University, Nashville, began their
studies on brain organization by a
close look at some of the animals’
behaviour. They filmed mole rats
manipulating wooden sticks and
chewing through obstructions in a
Plexiglas tunnel system built in
the laboratory. Their analysis of
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Sensory matters: New research sug-
gests that mole rats derive a substantial
amount of information from their teeth.
(Photograph: Oxford Scientific Films)
the film revealed that the mole
rats had the remarkable ability to
move the lower pair of incisors
independently of one another. But
the researchers found
subsequently that there was more
to the teeth than movement and
their anatomical studies began by
looking at the cortical responses
to touch sensations of
anaesthetized animals. 
Microelectrodes were used to
record multiunit neuronal activity
at over 1,000 different cortical
sites in four adult mole rats. Each
electrical penetration site was
marked on an enlarged photo of
the brain and the skin surface was
stimulated with small probes and
fine paint brushes to determine
the location and size of receptor
fields on the body for neurons at
each electrode penetration.
When they analyzed the brains
taken from these rats they found
that almost one third of primary
somatosensory cortex is devoted
to representations of the upper
and lower incisors.
Representations from the other
parts of the body paled in
comparison: the rest of the head
comprised 18 per cent, the trunk
and tail 13.5 per cent, the fore
paw 10 per cent and the hind paw
8 per cent.
In addition the somatosensory
cortex is greatly enlarged in naked
mole rats compared with the
laboratory rat. The researchers
found that the somatosensory
cortex had extended to parts of
the neocortex that processes
visual information in other species
with sight and represents an
analogous but vastly greater
expansion of compensating
plasticity seen in animals that
have lost their vision.
But the representation of stimuli
via the teeth caught the
researchers by surprise. “Although
dentition is important in virtually all
mammals, the degree of cortical
magnification of mole-rat incisors
is unprecedented,” the researchers
say. They wonder why so much
cortical attention has been focused
on teeth. “Can mole rats use the
dentition for a range of subtle
sensory discriminations?” They
don’t posit an answer but believe
these animals may yet have more
evolutionary lessons to teach.
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Does the Integrin
αA Domain Act as
a Ligand for its
βA Domain?
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Heterodimeric αβ integrins contain
a von Willebrand Factor type A
(vWFA) domain, βA, in their β
subunits; nine integrins also
contain a second such domain,
αA, in their α subunits (reviewed in
[1]). In response to ‘inside-out’
activation, ligand binding to
integrins is mediated by αA if
present [2], and if not by βA [3]. In
both instances, a ligand-derived
acidic residue binds at the metal-
ion-dependent-adhesion-site
(MIDAS) of αA or βA [3,4].
Regardless, similar outside-in
signals are generated in response.
The shared inside-out and
outside-in signaling features in
αA-containing and αA-lacking
integrins suggest a common
pathway of activation and
signaling. Based on the structure
of the ligand-binding site in the
αA-lacking integrin αVβ3 [3] and
the known structure–activity
relationships in αA [4–9], we
suggest that αA serves as an
endogenous ligand for βA
(Figure 1), providing an
explanation for the shared
features in stimulus–response
coupling. In this scenario, βA
mediates ligand binding in all
integrins, either directly in αA-
lacking integrins, or indirectly 
in the αA-containing variants. 
In this work, we present our
rationale for this hypothesis 
and provide supporting
biochemical data.
Three observations provide the
basis for our hypothesis. First, αA
emerges from the propeller’s
D3–A3 loop, which forms part of
the ligand-binding interface in
αVβ3 [3]. Thus, the amino- and
carboxy-termini of αA are
expected to be very close to the
βA MIDAS. Second, isolated αA
mediates high-affinity interaction
with physiological ligands [8,9].
However, this interaction is
regulated by βA in the
holoreceptors, as mutations of βA
MIDAS residues in β1 or β2
integrins markedly reduce αA-
mediated ligand binding and
expression of activation-sensitive
epitopes [9–11]. Third, integrin
ligands uniformly have a flexible
and solvent-exposed acidic
residue that contacts the integrin
through a metal ion [3,5]. We note
that the carboxy-terminal α7 helix
of αA [8,12] is followed by an
invariant Glu within a conserved
tetrapeptide (Figure 1B). As αA
switches from its inactive, closed
state to its active open state
[6,8,9], a 10 Å downward shift of
α7 drastically alters the position of
the invariant Glu relative to the βA
MIDAS, and we suggest that this
shift enables the Glu side chain to
coordinate the metal ion in βA
MIDAS in a manner similar to that
of the ligand Asp in ‘liganded’
αVβ3 [3] (Figure 1C). The last three
amino acids of the α7 helix
extending into the linker sequence
that includes the invariant Glu
become disordered in the open
form of αA and presumably
flexible [6,8,13], even in the
context of the heterodimer [9]. In
addition, the amino- and carboxy-
terminal linkers flanking αA
appear to be solvent-accessible,
as they contain epitopes for
inhibitory monoclonal antibodies
(mAbs) [9,14].
Our hypothesis predicts that
mutations of the invariant Glu 
will impair binding of αA integrins
to activation-dependent ligands
without affecting their interaction
with activation-independent
ligands. The former condition has
been established for CD11a/CD18
[7]. To evaluate the latter
condition and the applicability 
of this hypothesis to other
integrins, we tested the role of 
the invariant Glu in integrin–ligand
interactions using another αA-
integrin CD11b/CD18.
Substitutions of this Glu (Glu320
in CD11b) to Ala (E320A), Gln
(E320Q) or Asp (E320D) were
introduced and expression and
function of the resulting receptors
[6] assessed in human 293
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